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PREFACE

This report is prepared under guidance cortained in the Recommended Guidelines
for Safety Inspection of Dams, for Phase I Investigations. Copies of these
guidelines may be obtbined from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The assessment of
the general condition of the dam is based upon avnilable data and visual
inspections. Detailed investigations, and analyses involving topographic mapping,
sobsurface investigations, testing, and detailed computational evaluations are
beyond the scope of a Phase I investigation; however, the investigation lls intended4
to identify any need for such studies.

In reviewing this report, it should'be r'ealized that the reported condition of the
dam is based on obscrvations of field conditions at the time of inspection along
with data available tc the inspection team. In cases where the reservoir .4as
lowered or drained prior to inspection, such action, while improvinga the stability
and safety of the dam, removes the normal load on the structure and may obscure
certain conditions which mnight otherwise be detectable if inspected under the
normal operating environnfient uf the structure.

It is important to note that the condition of a darn, depends oni numerous and
constantly changing internal and. external conditions, and is evolutionary in
nature. It would be incorrect to assume that the preaent condition of the darn will
continue to represent the condition of the dam at some point ~in the future. Only
through frequent inspections can unsafe con~ditions be Uet-acted.. and only through
continued care anid maintenance can these conditions be provented or corrected.

Phase I inspections are not intended to provid-a detailed hydrclogic and hydraulic
analyses. In accordance with the established Guidelines, the spillway design flood
~s based on the estimated "Probable Maximum Flood" for the region (greatest
reasonably possible storm runoff), or fractions thereof. .The spillwqy design flood
provides a measure of relative spillway capacity and serves as an aid in
determining the need for more detailed hydrologic and hydraulic studies, con-
sidering the size of the dam, its general condition and the downstream damage
potential.
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PHASE I REPORT

NATIONAL DAM INSPECTION PROGRAM

Name of Dam: North Arrowhead Lake Dam
State: Pennsylvania
County: Monroe
Stream: Unnamed tributary of Trout Creek
Coordinates: N 410 09.6' W 750 34.4
Date of Inspection: April 8, 1981

ASSESSMENT

''North Arrowhead Lake Dam is an 11-year old earth embankment which
impounds a lake used for recreational purposes. The dam is constructed in two
sections: a 1,400-foot long, 21-foot high earth embankment dam with a 60-foot
wide concrete 0gee spillway at its eastern abutment, and a 970-foot long, 14-foot
high earth embankment levee, located approximately 1,000 feet tu the east of the
dam. - The crest widths average 15 feet and 20 feet for the dam and levee,
respectively. With the water surface at spillway crest elevation, North Arrowhead
Lake has a surface area of approximately 87 acres. The maximum storage capacity
of the impoundment is 942 acre-feet at the low point of the top of the dam. The
dam has a concrete intake structure, equipped wth stoplogs to control the water
level in the impoundment, a 20-inch diameter drain extending under the dam and a
gate valve at the discharge end of the drain pipe. An ungated 10-inch diameter
standpipe and drain is located at the levee.

North Arrowhead Lake Dam is a "Small" size, "Significant" hazard Dam. The
recommended Spillway Design Flood (SDF) for a "Small" size, "Significant" hazard
dam ranges from the 100-year flood to one-half of the Probable Maximum Flood
(PMF). Because of the extent of the potential hazard area, the selected SDF is one-
half of the PMF. The spillway is capable of cischarging the SDF without
overtopping the low point of the dam. Therefore,'-the spillway is classified as
14Adequate .

Based upon visual inspection of the dam and review of the drawings provided
by the Pennsylvania Department of Environmental Resources (DER), North
Arrowhead Lake Dam is considered to be in poor condition. -The observed
deficiencies are reflected in the following recommendations and remr 'ýdial measures
and discussed in detail in the appropriate sections of this report.

Recommendations and Remedial Measures:

The recommendations and remedial measures should be initiated immediately.

a. Facilities.

The Owner should retain the services of a licensed professional engineer,
experienced in the design and construction of dams, to assist in the implementation
of the following recommendations:
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NORTH ARROWHEAD LAKE DAM
NDI ID PA-00743

1. Erosion protection should be installed on the upstream face of the dam,
where necessary, to prevent erosion due to wave action. In addition, erosion
protection should be provided along the upstream face of the levee, at the outlet of
the 20-inch diameter lake drain pipe and on the banks of the spillway discharge
channel.

2. A means of upstream closure should Le provided to facilitate drawdown
of the reservoir and to prevent the drain pipe from being subjected to constant
hydrostatic pressure. Also, access should be provided to the intake structure
located in the reservoir.

3. The steep slopes in the vicinity of lake drain outlet pipe and along the
spillway discharge channel should be cut back and reseeded to prevent sloughing and
erosion.

4. The toe drain system should be removed and replaced at the designed
elevation to enable it to function properly.

5. Deteriorated concrete should be repaired on the outlet headwall for the
lake drain pipe.

6. Spalled concrete surfaces should he repaired on the Ogee spillway
section at its base and its junction with the concreto discharge apron.

7. Irreyular surfaces on the dam and levee should be regraded and back-

filled with suitable compacted material, where necessery.

The Owner should initiate the following remedial measures:

1. Small trees and brush on both the dam and the levee, and along the banks
of the outlet channels, should be removed. All resulting voids should be backfilled
with suitable compacted material.

2. The sloughed area on the downstream slope of the levee should be
repaired and monitored.

3. Animal burrows on the crest of the dam should be backfilled with
suitable compacted material.

4. A grass cover should be established and maintained on all embankment
surfaces of the dam and levee.

5. Seepage observed at the downstream toe of the dam should be
monitored.
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b. Operation and Maintenance.r•'j.t_!oc..!dJutres

1. An operationi and maintcr mi rctO I)roc '-ai stiuuId bh; developed and
implemented. This proqram should include periodic operation of outlet works,
routine maintenance tasks, and art annual inspection performed by a licensed
professional enginer.r, experienced in the' design and construction of dams.

2. A too',itorinr and downst.r't'nr,-i warninrj p Inn should be developt ,d and
implemented durii y periods of extreme rainfall so that downstream residents and
the appropriate agencies are notified iti case of an impending dam failure.

O'BRIEN 67. Ef\ I NLINLE,, INC.,.,,

"./P.E. Vjbe President Iloq• • L__. ... JOHN 1 W ILLIA MS ,-
Pe/y s-y-Iv 4  s itratlon No. PE 00U69 UL O, " W 4

if --- '5 SW.I,'k''".' -:.I•App roved t.sfl J ;b 00f/at

(j Mle , Gulps of E~ngil,,,o r

1)istricr Engineer
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UPSTREAM OVERVIEW FROM THE LEFT ABUTMENT. (4/8/81)

DOWNSTREAM OVERVIEW FROM THE RIGHT SIDE. (4/8/81)
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PHASE REPORT

NATIONAL DAM INSPECTION PROGRAM
NOR TH ARROWHEAD LAKE DAM

NDI ID PA-00743
FA DER 45-246

SECTION 1

PROJECT INFORMA [ION

1.1 General

a. Authority. The Dam Inspection Act, Public Law 92-367, authorized the
Secretary of the Army, through the Corps of Engineers, to initiate a program of
inspection of dams throughout the United Etates.

b. Purpose. The purpose of this inspection is to determine to what extent
the North Arrowhead Lake Dam constitutes a hazard to human life and property.

1.2 Description of ProJect (Based upon information obtained from the
Pennsylvania Department of Environmental Resources (DER), Division of Dam
Safety, Harrisburg, PA., from Mr. Leonard Tusar of Monroe Engineering and from
the inspection).

a. Dam and Appurternances. North Arrowhead Lake Dam is an 11-year old
earth embankment, constructed in two sections: one consisting of a 1,400-foot long,
21-foot high earth embankment with a concrete Ogee spillway, and the other
consisting of a 970-foot long, 14. foot high levee, located approximately 1,000 feet
to the east of the main dam. These embankments impound North Arrowhead Lake
with a surface area of 87 acres at the spillway crest elevation. The maximum
storage capacity of the impoundment is approximately 942 acre-feet at the low
point of the top of the dam elevation. The main dam has an average crest width of
15 feet and an approximate downstream slope of 5H:lV. The upstream slope varies
between 3 and 5H:1V and is intermittently covered with random size riprap. The
levee has a top width of approximately 20 feet, side slopes averaging 4H:1V and no
riprap protection along its upstream face. The main dam is believed to have been
constructed with an impervious central core. No information with respect to the
construction of the levee is available.

A 60-foot long concrete Ogee spillway is located at the eastern abutment of
the main dam. It consists of a 25-foot long concrete approach apron, a concrete
Ogee section, and a 25-foot long concrete discharge apron, which is approximately
six feet lower than the crest of the Ogee. The spillway has concrete side walls
which are approximately six feet higher than the Oyee crest and extend approxi-
mately 25 feet upstream and downstream of the overflow weir. As indicated on
Sheet 6 of Appendix E, cutoff walls of unspecified dimensions have been provided
under both sides of the Ogee section, and a 2.5-foot deep keywall is provided at the
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downstream end of the discharge apron. The outlet channel tapers from a base
width of 60 feet at the spillway outlet to a base width of 15 feet approximately 80
feet downstream of the spillway. The sides of the outlet channel just downstream of
the spillway are approximately B feet high, but they get progressively lower as the
channel extends downstream. The side slopes are aeneraily 2H:IV and they have no
protection against erosion.

A 4.foot square concrete drop gate chamber is located near the center of the
dam, approximately 40 feet int6 the lake from the dam crest. The structure has
horizontal stoplogs to control the water level in the lake and a bar screen to prevent
floating debri,. from clogging the outlet pipe. Located at the bottom of the chamber
is a 20-inch diameter corrugated steel pipe, encased in concrete, which extends
under the dam to an outlet channel. According to plans of the dam, cutoff collars
have been provided at 25-foot intervals along the pipe. Located at the end of the
outlet pipe is 3 small concrete headwall and a free-standing 20-inch diameter gate
valve.

The outlet works for the levee portion- of the dam consist of a 10-inch
diameter standpipe, which extends approximately a foot above normal pool ele-
vat.ion, and approximately 350 feet of 10-inch diameter pipe which discharges into a
swamp area near Arrowhead Lake. No construction information for this pipe is
available.

Four-inch diameter toe drains extend from each side abutment to the outlet
channel near the center of the dam. These drains are very shallow and are
surrounded by coarse crushed stones. No toe drain system exists at the levee.

b. Location. North Arrowhead Lake'Dam is located on an unnamed
tributary of Trout Creek in the Coolbaugh Township, Monroe County, Pennsylvania.
To illustrate the location, a portion of the USGS (Guadrangle entitled "Thornhurst,
PA." has been included as Figurpe 1 of Appendix E. USGS reference coordinates for
this dam are N41 009.6' and W75u34.4'.

c. Size Classification. North Arrowhead Lake Dam has a maximum storage
capacity of 942 acre-feet and a maximum height of 20 feet. The dam is therefore
classifed as a "Small" size dam (height less than 40 feet and storage less than 1,000
acre feet).

d. Hazard Classification. A small fire station, located approximately 350
feet downstream of the dam, and 10 houses located along the shores of Arrowhead
Lake (El. 1656-) constitute the hazard area downstream of North Arrowhead Lake
Dam. A failure of the dam could cause appreciable property damage, with the
possible loss of a few lives. Therefore, North Arrowhead Lake Dam is classified as a
"Significant" hazard structure.

e. Ownership. The dam is owned by the All-American Reelty Co., Inc.; 45
Essex Street; Hackensack, New Jersey; 07601. (Telephone Number: 201-488-6565).
Monroe Engineering, Inc., East Stroudsburg, Pa, 18301 represents the Owner. All
correspondence should be directed to Leonard Tusar of Monroe Engineering, Inc.

2-2.



f. Purpose of the Dam. The dam was constructed to provide a lake for
recreational use. The lake is currently being used for this purpose.

g. Design and Construction History. North Arrowhead Lake Dam was
designed by Monroe Engineering, Inc., of East Stroudsburg, Pennsylvania, and con-
structed in 1970 by George H. Litts, Inc., of Marshalls Creek, Pennsylvania. The
dam was constructed without first obtaining a permit from the Pennsylvania
Department of Environmental Resources (DER). Consequently, the Owner was
required to have several borings and a few test pits dug in order to verify that
satisfactory construction was achieved. Ceo-Surveys of Camp-Hill, Pennsylvania,
performed the necessary subsurface investigations. Since the dam was originally
constructed, riprap has been added along the upstream face of the dam (1972).

h. Normal Operating Procedures. The reservnir surface is normally main-
tained at the spillway crest Elevation 1668. Drawdown of the lake may be
accomplished by removing stoplogs and by opening the gate valve at the outlet of
the 20-inch diameter drain pipe.

1.3 Pertinent Data

a. Drainage Area.

Square Miles 1.0

b. Discharge at Dam Site (cfs).

Spillway (water surface at top of dam low point, El. 1672.8) 2,210
Spillway (water surface at top of dam design elevation, El. 1674) 3,086
Outlet Works (water surface at normal pool, El. 1668) 33

c. Elevation (MSL).

Top of Dam (Design) 1,674.0
Top of Dam (Low Point) 1,672.8
Spillway Crest 1,668.0
Outlet Works (Inlet Invert) 1,654.0
Outlet Works (Outlet Invert) 1,653.0
Streambed at Toe of Dam 1,653.0

d. Reservoir Length (feet).

Normal Pool, Elev. 1,668.0 3,200
Maximumn Non-overtopping Pool, El. 1672.8 3,400

e. Storage (%cre-Feet).

Normal Fool, El. 1668 433
Top of D;ým (Low Point), El. 1672.8 942
Top of Dam (Design), El. 1674 1,075

3
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Sf. Reservoir Surface Area (Acres).

Normal Pool, El. 1668 87
Top of Dam (Cow Point), El. 1672.8 127
Top of Dam (Design), El. 1674 133

g. Dam Data.

1. Main Dam

Type Earth Embankment
Length 1,400 Feet
Height to Low Point of Dam 20 Feet
Crest Width 15 Feet
Side Slopes (Upstream) 3 to 5H:IV

(Downstream) Averages 5H:1V
Zoning Random Material - Finest Material Nearest

Impervious Core
Impervious Core Impervious earth core shown on drawings
Cutoff Cutoff Trench
Grout Curtain None

2. Levee

Type Earth Embankment
Length 970 Feet
Height to Low Point of Dam 13 Feet
Crest Width 20 Feet
Side Slopes Average 4H:1V Upstream and Downstream
Zoning Unknown
Impervious Core Unknown
Cutoff Unknown
Grout Curtain Unknown

h. Spillway. (Main Dam)

Type Concrete Ogee Overflow
Length of Weir 60 Feet
Crest Elevation 1668.0 Feet
Gates None at Spillway
Upstream Channel 25-foot long concrete approach apron
Downstream Channel 25-foot long concrete discharge apron to

earth channel with 15-foot base width,
2H:.V side slopes and sides of varying height.

Channel length is approximately 650 feet to twin
36-inch diameter CMP's under Lake Shore Drive. Slope

averages 0.8 percent.

-4-



SECTION 2

ENGINEERING DATA

2.1 Design

a. Data Available. The following information was provided by the
Pennsylvania DER in Harrisburg, Pennsylvania:

1. Design Drawings for North Arrowhead Lake Dam:

a. Lecation Plan
b. General Plan
c. Embankment Sections - Longitudinal
d. Embankment Cross - Sections
e. Spillway Plan & Details
f. Embankment Drop Gate, Sections & Details

2. Miscellaneous correspondence, memoranda, etc.

b. Design Features. The design features are described in Section 1.2a and
shown on the design drawings included in Appendix E. It should be cautioned,
however, that the actual construction does not correlate very well with the design
drawings. (See Section 2.2 below).

2.2 Construction

The North Arrowhead Lake Dam and Levee appear to have been constructed to
the general dimensions and with most of the features indicated on the Design
Drawings. From visual inspection, however, the following discrepancies were noted:

a. The toe draih system illustrated on the drawings indicates that the drain
pipe was to be installed a mirnimum of four feet deep. As illustrated on Photos 10
and 11 of Appendix C, the pipe is at or just below the ground surface.

b. Riprap was to have been installed along the upstream face of the dam
(including two feet of the dam crest), along the first 120 feet of the low level outlet
channel, and along the first 120 feet of the spillway outlet channel. At the time of
inspection, riprap had been installed intermittently along the upstream face of the
dam and no riprap was in evidence on the spillway outlet channel or the low level
outlet channel. No riprap protection has been provided at the levee.

c. A 20..inch diameter gate valve is located at the outlet end of the low
level outlet, as illustrated on Photos 7 of Appendix C. The design drawings indicate
the low level outlet was to have free discharge with control provided at the intake
structure.

-5-



d. The slope of the downstream faces of the dam and the levee were found
to be approximately 5H:IV and 4H:IV, respectively. According to the drawings, a
slope of 2 to 3H:1V was designed.

e. The length of the low i•evw outlet indicE&,d oii the -'.-ing6 appears to
be much longer than that actually constructed. Consequently, the downstream slope
of the embankment in the vicinity cf the low level outlet heedwall is approximately
1.5H:IV.

2.3 Operation

According to the Owner's representative, the outlet works have not been
operated since the dam was constructed in 1970. Operation would consist of opening
the 20-inch diameter gate valve and removing stoplogs from the intake structure.
No meats of draining the reservoir exists without first removing the stoplogs
manually.

2.4 Evaluation

a. Availability. The engineering data presented in this report were
provided by the Pennsylvania DER. Drawings may also be obtained from Monroe
Engineering in East Stroudsburg, Pennsylvania.

b. Adequacy. The information provided by the Pennsylvania DER and
Monroe Engineering, along with information obtained during the visual inspection,
has been adequate for a Phase I evaluation of North Arrowhead Lake Dam.

c. Validity. As discussed in Section 2.2, several discrepancies exist
between the design drawings and the actual construction.

-6-



SECTION 3

VISUAL INSPECTION

3.1 Findincgs

a. General. North Arrowhead Lake Dam was inspected on /April 8, 198i.
At the time of inspection, the lake was at the spillwEy crest elevation of 1668.
Underwater areas, other than those visible from the dam, were not inspected.

The observations and comments of the field inspection team are noted on a
checklist included as Appendix A of this report.

bi. Dam. The dam appears to be in poor overall condition. No immediate
structural problems were observed; however, the presence ot several deficient
conditions could lead to more serious problems if they are not corrected. -The
upstream face of the dam, for example, is intermittently covered with random size
riprap. As a result, erosion has occurred and trees and brush are growing at those
locations where protection has not been provided.

The crest of the dam and the area just above the riprap were also observed to
be in poor condition. The dam crest is rutted and lacks sufficient grass cover, as
illustrated on Photos 1 and 2 of Appendix C. In some locations, the crest elevation
is as much as 1.2 feet lower than the design elevation 1674 (see profile sheet l1C of
Appendix A). As illustrated on Photo 6 of Appendix C, small trees and brush' are
growing on the dam crest just above the riprap. This area was also found to be vNery
irregular, whiich would likely hinder mowing or other similar maintenance pro-
cedures. Animal burrows were noted at a few locations near the western abutment.

The primary problems associated with the downstream slope of the dam
include the growth of small trees and brush, an irregular ground surface and a very
steep slope in the vicinity of the lake drain outlet pipe headwall. Minor brush
growth and small trees were observed at scatterf°d locations over the entire
downstream slope. The uneven ground surface presents a maintenance problem,
since mowing would be impossible over most of the downstream slope. The slope in
the vicinity of the drain outlet headwall is particulary steep (approximately I.5H:IV)
and shows signs of sloughing into the outlet channel.

Seepage was noted in two locations. The first location was on either side slope
of the outlet channel, approximately 40 feet downstream of the outlet headwall,
where the toe drain pipes exit to the outlet channel. This seepage (I to 2 gpm)
appeared to be following the lining for the toe drain pipes, which were installed at
or near the ground surface, as discussed in Section 2.2. The other seepage location
was found just downstream of the east side toe drain pipe, as illustrated on Photo 10
of Appendix C. Water and very soft ground conditions were observed, but no
evidence of piping could be found.
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b2. Levee. The levee, located approximately 1,00U Teet east of the dam, is
of similar construction to that of the dam. It, however, has no protection on the
upstream face and as a result, has been undermined by wave action (Photo 20,
Appendix C). In addition, sloughing has occurred at several locations on the
downstream slope of the levee (Photo 19, Apprnd~x C). The grass cover is sparse,
particularly on the upstream face and crest, where rec. aticnal vehicles pass over
the levee. A few small trees and brush were noted near the western abutment.

The downstream slope of the levee is approximately 4H:IV and irregular at
several locations. For the most part, the slope is in fair condition with no evioence
of seepage. A wet area was noted jist downstream of levee along Lake Shore Drive,
but this appears to have been created by local runoff.

c. Appurtenant Structures. The spillway is located at the eastern abutment
and consists of a six-foot high, 60-foot long, concrete Ogee section, with a crest
elevation approximately two feet higher than the concrete approach apron. Except
for minor spalling of the concrete Ogee section at its base and at its junction with
the concrete discharge apron, the spillway appears to be in good condition (see
Photo 3, Appendix C). It appears to have been constructed in compliance with the
design drawings included in Appendix E.

The outlet works of the dam consist of a 4-foot square concrete Intake
structure, a 20-inch diameter drain pipe and a 20-inch diameter gate valve locatLd
at the discharge end of the drain pipe. Because the intake structure was not
accessible, its construction and condition could not be determined. According to the
Owner's representative, however, construction is in general conformance with the
design drawings. The gate valve is believed to be operable, but has not been
operated since it was installed in 1970. As illustrated on Photo 8, Appendix C, th•
concrete headwall has deteriorated and reinforcing steel is exposed.

The out let works at the levee consist of a 10-inch diameter steel standpipe,
which extends approximately one foot above the pool level (Photo 17, Appendix C),
and approximately 350 linear feet of 10-inch diame~er steel pipe which discharges to
a swampy area just downstream of Lake Shore Drive. No construction data are
available, but it does not appear that the outlet is gated.

d. Reservoir Area. The reservoir drainage area consists of approximately
one square mile of relatively flat and forested land. Of the total area, approxi-
mately 50 percent is developed and 10 percent is a low-lying swampy area. The
slopes adjacent to the impoundment are mild and covered with vegetation. No
evidence of bank instability was observed.

e. Downstream Channel. The low level outlet discharges into a channel
which conveys flow for a distance of approximately 650 feet to Arrowhead Lake.
The channel has a very gentle slope, a varying base width and side slopes of roughly
4H:1V. (See Photo 9, Appendix C). Neither riprap protection nor an energy
dissipator has been provided at the outlet of the 20-inch diameter drain.



The upstream portion of the spiliway outlet channel is in poor condition. No
riprap protection has been provided and the side slopes are very steep. Small trees
are growing and sloughing has occurred along the sides of the channel. As the
channel extends downstream, the banks diminish to approximately a foot in heignt at
the point where it. r1erges with the low level outlet charnel.

3.2 Evaluation

The dam is considered to be in poor conidition; however, the spillway is
considered to be in good condition.

Several deficiencies were identified durinq the visual inspection: a) inade-
quate riprap protection along the upstream face .- f the dam and levee, at the outlet
of the 20-inch diameter drain pipe, and along the spillway discharge channel; b)
rutting and lack of cover on the crest of the dam and levee; c) growth of small trees
and brush on both the dam and levee and along the banks of the outlet channels; d)
lack of a proper low level intake and upstroam conti il on the drain pipe; e) steep
slopes in the vicinity of the outlet headwall and on the banks of the .pillway
channel; f) deterioration of the concrete headwall at the outlet of the lake drain and
minor spalling at the base of the coacrete spillway Ogee section; g) irregular
surfaces on the dam and levee which hinders maintenance work; h) a toe drain
system which was constructed 3t or near the ground surface; i) lack of access to the
intake structure; and j) animal burrows on the crest of the dam.
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SEC TION 4

OPERATIONAL PROCEDURES

4.1 Procedures

The only feature requiring operation at either the dam or the levee is the lake
drain. In .order to drain the lake, the operator must rer'iove stoplogs at the intake
structure and open the 20-inch diameter gate valve at the outlet of the drain pipe.
This procedure is difficult to perform since access to the intake structure is not
readily available.

4.2 Maintenance of the Dam

No established maintenance program fur the dam exists. According to the
Owner's representative, maintenance is performed on an "as-needed" basis.

4.3 Maintenance of Operating Facilities

According to the Owner's representative, the gate valve on the low level
outlet pipe has not been operated since it was installed in 1970, and no maintenance
has been performed at the intake structure.

4.4 Description of Any Warning System In Effect

According to the Owner's representative, no formal surveillance and warning
system is in ef fect at the North Arrowhead Lake Dam.

4.5 Evaluation

The poor overall condition of the dam reflects the lack of an adequate
operation and maintenance program. Once the recommendations discussed in
Section 7 are implemented, a comprehensive operation and maintenance program
should be instituted.

In addition, a formal surveillance and warning system should be developed and
implemented during periods of extreme rainfall to warn downstream residents and
the appropriate agencies of a possible dam failure or potential flooding.



SECTION 5

HYDROLOGY AND HYDRAULICS

5.1 Evaluation of Features

a. Design Data. North-Arrowhead Lake Dam has a contributing drainage
area of approximately one square mile. The drainage area consists of moderately-
sloped, forested, residential and swampy terrain ranging in elevation from 1880 at
the northern boundary of the drainage area to 1668 at normal pool. From the upper
reaches of the drainage area, runoff flows overland to an unnamed tributary of
Trout Creek and then southerly along a slope of approximately 2.5 percent to North
Arrowhead Lake. The southeasterly portion of the drainage area, comprising
approximately 40 percent of the total area, is residential. No hydrologic or
hydraulic calculations were available for review to assist in the preparation of this
report.

b. Experience Data. No reservoir stage or other operation and maintenance
records have been maintained. According to the Owner's representative, the
spillway crest has never been overtopped by more than a few inches.

c. Visual Observations. The spillway appeared to be in good condition.
Some erosion of the embankment was observed at the spillway abutments, but it
appeared to have been caused by local runoff and pedestrian traffic rather than by
overtopping. The spillway discharge channel was found to be in poor condition, as
discussed in Section 3.

The outlet works consist of an intake structure with stoplogs, a 20-inch
diameter outlet pipe, and a 20-inch diameter gate valve at the discharge end.
Because the intake structure was not accessible, except by boat, the intake
structure could not be inspected. The major problems associated with the outlet
works appear to be the location of the gate valve and the lack of a proper low level
intake. With the gate valve in its present location, the outlet pipe is under constant
hydrostatic pressure, and the only way to lower the lake is to manually remove
stoplogs.

d. Overtopping Potential. The recommended Spillway Design Flood (SDF)
for a "Small" size, "Significant" hazard dam ranges from the 100-year flood to one-
half of the Probable Maximum Flood (PMF). Because of the extent of the potential
hazard area, the selected SDF is one-half of the PMF.

Hydraulic and hydrologic calculations were performed with the assistance of
the HEC-1-DB computer program. Refer to Sheet 2, Appendix D for a brief
description of the program. The peak design flood inflow to North Arrowhead Lake
was computed to be approximately 960 cfs. The corresponding peak outflow was
computed to be 655 cfs. The spillway capacity ig 2,210 cfs, prior to overtopping the
low point of the top of the dam, Elevation 1672.8.

(
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e. Spillway Adequacy. The spillway at the North Arrowhead Lake Dam is
4 capable of discharging the SDF without overtopping the dam; therefore, the spillway

is classified as "Adequate".

-12 -



SECTION 6

SiTRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations.- Several deficiencies were observed which reflect
existing or potential slope stability problems. Minor erosion and sloughing was
observed along the upstream face of the dam, on the slopes adjacent to the headwall
at the outlet of the 20-inch diameter drain pipe, and on the sides of the spillway
discharge channel. It appears that wave action, coupled with the lack of adequate
protection, has contributed to the erosion along the upstream dam face. At the
other locations, it appears that the slopes are too steep and that sloughing will
continue until stability is achieved.

Further evidence of potential problems include the presence of trcees A:Ai brush
on the dam and adjacent to the spillway outlet channel, lack of adequate riprap
protection at the drain outlet, spalling of the cc-icrete headwall at the dam low
level outlet, the presence of animal burrows on the crest of the dam and seepage.
At the time of the inspection, the dam appeared to be stable; however, continued
deterioration could 'lead to structural problems.

b. Design and Construction Data. Design drawings and miscellaneous
correspondence were provided by the Pennsylvania DER. No design calculations or
construction data, however, were available from either the Pennsylvania DER or the
Owner.

C. Opperating Recoru's. According to the Owner's representative, no opera-
ting records for this dam have been kept.

d. Post Construction Changes. The only construction known to have taken
place. since the dam was constructed in 1970 was the placement of riprap along the
upstream face of the dam in 1972. No records or drawings of this post construction
change are available.

e. Seismic Stability. North Arrowhead Lake Dam is located in Seismic
Zone 1 according to the Seismic Zone Map of Contiguous States. A dam located in
Seismic Zone 1 will generally be stable under expected Zone 1 earthquake conditions
if it is stable under static loading conditions. Since the dam appeared to be stable
for static conditions at the time of the inspection, it is expected that it would be
stable for expected Zone 1 earthquake conditions.

-13 -



SECTION 7

ASSESSMENT, RECOMMENDATIONS AND PROPOSED REMEDIAL MEASURES

7.1 Dam Assessment

a. Evaluation. The visual inspection of North Arrowhead Lake Dam
revealed that the dam is in poor o.erall condition. The reasons for this are failure
to construct the dam according to the design drawings and lIck of an operation and
maintenance program. The folluwing deficiencies are attributed to deviations from
'he design drawings: 1) inadequate riprap protection along the upstream faces of
the dam and levee, at the outlet of the 20-inch diameter drain pipe and along the
spillway discharge channel; 2) steep slopes in the vicinity of the low level outlet
headwall and on the banks of the spillway outlet channel; 3) irregular surfaces on
the dam and levee; 4) a toe drain system which was constructed at or near the
ground surface rather than 4 feet below the ground surface; and 5) the presence of a
20-inch diameter gate valve at the outlet of the lake drain pipe. In addition, the
following conditions were noted to be in conflict with recommended design
practices: 1) lack of access to the intake structure; and 2) lack of a low level intake
and upstream control gate on the lake drain pipe.

Lack of an operation and maintenance program has contributed to the
following conditions: 1) rutting and lack of cover on the crests of thn dam and the
levee; 2) ygrowth of small trees and brush on both the dam and levee and along the
bariks of the outlet channels; 3) deterioration of the concrete headwall at the outlet
of the lake drain pipe and spalling at the base of the concrete spillway Ogee section:
and 4) animal burrows on the crest of the dam.

Though these conditions dr, not appear to be critical at this time, it is
impo,wtant that they be corrected in a timely manner to ensur'? the future safety of
the dam.

The selected SDF for North Arrowhead Lake dam is one half of the PMF.
Based cn a review of the hydrologic/hydraulic analyses, the spillway is capable of
passing the SDF discharge before the iow point of the crest of the embankment
would be overtopped. i he srr&iliwa) .s theref ore "Adequate".

b. Adequacy of lnfo-,Ltion. The information provided by the Pennsylvania
DER, along with the information obtained from the visual inspection and subsequent
conversations with the Owner's representative, is considered adequate for a Phase I
evaluation.

Urgency. The recommendations and re.-edial measures discussed in this
section should be initiated immediately.

c. Necessity for Further Investigation. Further investigation at this time is
not considered necessary.

1
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7.2 Recommendations and Remedial Measures:

The recoi !mendations and remedial measures should bu initiated immediately.

a. Facilities.

The Owner should retain c,.- services of a licensed professional engineer,
experienced in the design and construction of dams, to assist in the ,mplemntL'ion
of the following recommendations:

1. Erosion protection should bi, :-stalled on the upstream face of the dam,
where necessary, to prevent erosion oue to wavo- action. In addition, erosion
protection should be provided along the upstream face of the levee, at the outlet of
the 20-inch diameter lake drain pipe and on the banks of the spillway discharge
channel.

2. A m-eans of upstream closure should be provided to facilitate drawdown
of the reservoir and to prevent the drain pipe from being subjected to constant
hydrostatic pressure. Also, access should be provided to the intake structure
located in the reservoir.

3. The steep slopes in the vicinity of lake drain outlet pipe and along the
spillway discharge channel should be cut back and reseeded to prevent sloughing and
erosion.

4. The toe drain system should be removed and replaced at the designed
elevation to enable it to function properly.

5. Deteriorated uoncrete should be repaired on the outlet headwall for the
lake drain pipe.

6. Spalled concrete surfaces should be repaired on the Ogee spillway
section at its base and its junction with the concrete discharge apron.

7. Irregular surfaces on the dam and levee should be regraded and back-

filled with suitable compacted material, where necessary.

The Owner should initiate the following remedial measures:

1. Small trees and brush on both the dam and the levee, and along the banks
of the outlet channels, should be removed. All iesulting voids should be backfilled
with suitable compacted material.

2. The sloughed area on the downstream slope of the levee should be
repaired and monitored.

3. Animal burrows on the crest of the darn shculd be backfilled with
suitable compacted material.

-15 -



44. A grass cover should be established and maintained on all embankment
surfaces of the dam and levee.

5. Seepage observed at the downstream toe of the dam should be
monitored.

b. Operation and Maintenance Procedures

1. An operation and maintenance program should be developed and
implemented. This program should include periodic operation of outlet works,
routine maintenance tasks, and an annual inspection performed by a licensed
professional engineer, experienced in the design and construction of dams.

2. A monitoring and downstream warning plan should be developed and
implemented during periods of extreme rainfall so that downstream residents and
the appropriate agencies are notified in case of an impending dam failure.

-16 -
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Site Plan

PHOTOGRAPH

No.

1. View along the centerline of the dam from the left1
spillway sidewall. (4/8/81)

2. View along the centerline of the darn from near the1
right abutment. (4/8/81)

3. Spillway looking upstream. (4/8/81) 2
4. Embankmnent situation next to the left spillway sidewall. 2

(4/8/81)
5. Spillway discharge channel. (4/8/81) 3
6. Typical small trees and brush growing on the dam. 3

(4/8/81)
7. Valve for reservoir drain. (4/8/81) 4
8. Reservoir drain valve and deteriorated reinforced 4

concrete mounting. (4/8/81)
9. Reservoir drain outlet channel. (4/8/81) 5

10. Seepage near the downstream toe about 300 feet 5
right of the left abutment. (4/8/81)

11. Outlet for embankment under drain pipe. (4/8/81) 6
12. Twin 36-inch diameter culverts about 400 feet 6

downstream of the dam. (4/8/81)
13. Fire house about 350 feet downstream of the dam. (4/8/81) 7
14. Homes about 600 feet downstream of the dam on the shores 7

of Arrowhead Lake. (4/8/81)
15. Homes on the shores of Arrowhead Lake. On the right, 8

the discharge from North Arrowhead Lake enters Arrowhead
Lake. (4/8/81)

16. View along the centerline of the North Arrowhead Levee 8
which -is about 1,000 feet east of North Alrrowhead Dam.
(4/8/81)

17. Inlet structure at the North Arrowhead levee. (4/8/81) 9
18. Cutlet downstream of the North Arrowhead levee. (4/8/81) 9
19. Displaced embankment on the North Arrowhead levee. 10

(4/8/81)
20. Eroded upstream slope on the North Arrowhead levee. 10

(4/8/81)
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1. VIEW ALONG THE CENTERLINE OF THE DAM FROM THE LEFT SPILLWAY
SIDEWALL. (4/8/81)

_ 2., VIEW ALONG THE CENTERLINE OF THE DAM FROM NEAR THE RIGHT
ABUTMENT. (4/8/81)
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3.SPIL.LWAY LOOKING UPSTREAM. (4/8/81)

4. EMBANKMENT SITUATION NEXT TO THE LEFT SPILLWAY SIDEWALL.
(4/8/81)
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5. SPILLWAY DISCHARGE CHANNEL. (4/8/81)

6. TYPICAL SMALL TREES AND BRUSH GROWING ON THE DAM. (4/8/81)
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7. VALVE FOR RESERVOIR DRAIN. (4/8/81)

8. RESERVOIR DRAIN VALVE AND DETERIORATED REINFORCED
CONCRETE MOUNTING. (4/8/81)
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9. RESERVOIR DRAIN OUTLET CHANNEL. (4/8/81)

10. SEEPAGE NEAR THE DOWNSTREAM TOE ABOUT 300 FEET RIGHT

OF THE LEFT ABUTMENT. (4/8/81)
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11. OUTLET FOR EMBANKMENT UNDER DRAIN PIPE. (4/8/81)

( 12. TWIN 36-INCH DIAMETER CULVERTS ABOUT 400 FEET DOWNSTREAM
OF THE DAM. (4/8/81)
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13. FIRE HOUSE ABOUT 350 FEET DOWNSTREAM OF THE DAM. (4/8/81)

14. HOMES ABOUT 600 FEETr DOWNSTREAM OF THEk DAM ON THE SHORES
OF ARROWHEAD LAKE. (4/8/81)

7



15. HOMES ON THE SHORES OF ARROWHEAD LAKE. ON THE RIGOT,
THE DISCHARGE FROM NORTH ARROWHEAD LAKE ENTERS ARROWHEAD
LAKE. (4/'8/81)

C 16. VIEW ALONG 'THE CENTERLINE OF THE NORTH ARROWHEAD LEVEE
WHICH IS ABOUT i,000 FEET CAST OF NORTH ARROWHEAD DAM.



17. INLET STRUCTURE AT THE NORTH ARROWHEAD LEVEE. (4/8/81)

18. OUTLET DOWNSTREAM OF THE NORTH ARROWHEAD LEVEE. (4/8/81)
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19. DISPLACED EMBANKMENT ON THE NORTH ARROWHEAD LEVEE. (4/8/81)

20. ERODED UPSTREAM SLOPE ON THE NORTH ARROWHEAD LEVEE. (4/8/81)

10
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Sheet I

CfiECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Residential, primarily forested

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY): El. 1668 (433 Ac-Ft.)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): El. 1672.8 (968 Ac-Ft.)

ELEVATION MAXIMUM DESIGN POOL: El. 1674

ELEVATION TOP DAM: El. 1672.8 (Low Point of Dam)

SPILLWAY

a. Elevation 1668.0

b. Type Concrete Ogee

c. Width Ogee Shaped Crest

d. Length 60 Feet

East Si~de Abutment
e. Location Spillover

f. Number and Type of Gates None

OUTLET WORKS:

a. Type 20-inch diamrter low level outlet

b. Location near center of dam

c. Entrance invert 1654.0

d. Exit invert 1653.0

e. Emergency draindown facilities Stoplogs & 20-inch Gate Valve

HYDROMETEOROLOGICAL GAGES:

a. Type None

b. -Location Not available

c. Records Not available

MAXIMUM NON-DAMAGING DISCHARGE: Not determined

C



SHEET Z

HEC-1, REVISED
FLOOD HYDROGRAPH PACKAGE

The original "Flood Hydrograph Package* (HEC-l),
developed by the Hydrologic Engineering Center, Corps of
Engineers, has been modified for use under the National Dam
Inspection Program. The "Flood Hydrograph Package (HEC-I),
Dam Safety Version", hereinafter referred to as, HEC-l, Rev.,
has been modified to require less detailed input and to
include a dam breach analysis. The required input is obtained
from the field inspection of a dam, any available design/eval-
uation data, relatively simple hydraulic calculations, or
information from the USGS Qtuandrangle maps. The input format
is flexible in order to reClect any unique characteristics of
an individual dam.

HEC-l, Rev. computes a reservo.r inflow hydrogriph
based on individual watershed characteristics such as: area,
percentage of impervious surface area, watershed shape, and
hydrograph characteristics determined from regional correla-
tion studies by the Corps of Engineers, Baltimore District.
The inflow is routed thzough the reservoir using spillway
discharge data obtained from the field inspection or design
data. Flood storage capacity is determined from USGS maps or
design information and verified by the field inspection. In
the event a spillway cannot d4scharge 0.5 PMF without
overtopping and failure of the dam, downstream chanrel
characteristics obtained from the field inspection and USGS
maps are inputed and flows are routed downstream to the damage
center and a dam breach analysis > performed-IJ

Included in this Appendix are the HEC-l, Rev.
pertinent input values and a summary priht-out.

1"/l9h '1h,72rId _5Aw1rCes,0,
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SITE GEOLOGY

NORTH ARROWHEAD LAKE DAM

North Arrowhead Lake Dam is located in Monroe County (PA) within the
Pocono Plateau section of the Appalachian Plateaus physiographic province. The
site is underlain by gently northwestward dipping beds of the Devonian Catskill
group continental type sedimentary rocks. These consist of red to brown and gray
shales, siltstones, sandstones and conglomerates varying from a few inches (flag-
stones) to several feet or more in thickness. Wisconsin epoch glacial deposits of
sand ann gravel mantle the rock surface and attain considerable thicknesses along
valley floors and side slopes. Some swamp deposits occur where depressions or
kettles exist as a result of the isolation and decay of ice during the retreat of the
last glacial advance into the area.

No active structural faults are Known to exist in the area.

Well developed jointing and fracturing occur in the bedrock units, particulary
in the shales and siltstones. The Catskill rocks yield excellent quality groundwater
and the formation is considered a fair to good aquifer. Glacial deposits occurring in
the valley floor are quite permeable and act as excellent sources of groundwater and
recharge to the underlying Catskill group sedimentary units.
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